Aims: To identify change in glycated haemoglobin (HbA1c) for 1 year after treatment intensification in patients with HbA1c >53 mmol/mol (7.0%) while on two classes of oral antidiabetic drugs (OADs).
Aims: To identify change in glycated haemoglobin (HbA1c) for 1 year after treatment intensification in patients with HbA1c >53 mmol/mol (7.0%) while on two classes of oral antidiabetic drugs (OADs).
Material and methods:
A retrospective cohort study was conducted using a regional health plan claims database for the period January 1, 2010 to March 31, 2017. Patients with type 2 diabetes (T2DM) whose treatment was intensified with insulin, a glucagon-like peptide-1 receptor agonist or a third OAD within 365 days of having HbA1c ≥53 mmol/mol (7.0%) on two OADs were included. The HbA1c trajectory for 1 year after intensification was estimated using a mixedeffects regression model.
Results:
The analysis included 1226 patients with a mean ± SD HbA1c at treatment intensification of 74.2 ± 18.7 mmol/mol (8.93 ± 1.7%). HbA1c was higher in the insulin group (74.2 mmol/mol) than in the non-insulin group (70.6 mmol/mol), as was the HbA1c decrease (P < 0.01) over the 1-year follow-up, particularly in patients with baseline HbA1c >9%. After intensification, insulin-and non-insulin-treated patients achieved an average change by month in HbA1c of −4.7 mmol/mol and −2.6 mmol/mol points, respectively. The analysis predicted HbA1c to be the lowest at 6 to 10 months post intensification, depending on intensification treatment and HbA1c at intensification; however, on average, HbA1c remained above 64.0 mmol/mol (8.0%).
Conclusion:
In patients with T2DM, intensification following an HbA1c value ≥53 mmol/mol (7.0%) while on two OADs was associated with a significant improvement in glycaemic control.
Patients intensified with insulin had a higher baseline HbA1c but greater HbA1c reduction than those intensified with a non-insulin agent. However, HbA1c remained above 64 mmol/mol (8.0%) overall. Additional opportunity exists to further intensify therapy to improve glycaemic control.
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| INTRODUCTION
Type 2 diabetes mellitus (T2DM) affects 8.5% to 9% of the US population. 1 Of the necessary assessments for comprehensive diabetes management, glycated haemoglobin (HbA1c) has been a primary indicator for the performance of antidiabetic care and a key predictor of long-term outcomes. 2 Studies have shown that wellcontrolled glycaemic level (HbA1c <53 mmol/mol or 7.0%) reduces the risk of complications. 3 Conversely, inadequately controlled
HbA1c is associated with a significantly higher risk of vascular complications and leads to blindness or premature death. 4 
| Study cohort
The analytical cohort was extracted from the claims for medical and Index (DCSI) was calculated based on diagnoses codes captured during the 365-day baseline period. 16 
| Outcomes
The outcome was the difference in HbA1c before and after the date of treatment intensification.
| Covariates
Baseline characteristics were described by treatment intensification group categorized as insulin versus non-insulin and included age, gender, geographic location by state, type of insurance, HbA1c at baseline and at intensification, baseline OAD treatment, and DCSI. Average proportion of days covered over the baseline period while patients were on two OADs was calculated using Choudhry's prescriptionbased method to address adherence to an antidiabetic treatment regimen. 17 
| Statistical analyses
Descriptive statistics were used to present baseline characteristics.
Statistical significance between groups was tested using Student's t- 
| Institutional review board approval
This study protocol was reviewed and deemed exempt from University of Utah institutional review (#00098483) and was approved by the Intermountain Healthcare institutional review board (#1050483).
3 | RESULTS
| Clinical characteristics at intensification
A total of 1226 patients were included in the analysis ( Figure S1 ). Of these, 54.6% (n = 669) received MET + sulphonylureas (SUs) during the 1 year before insufficient glycaemic control was identified, and 28.3% (n = 347) received MET + dipeptidyl peptidase-4 (DPP-4)
inhibitors. MET + thiazolidinediones and SUs + DPP-4 inhibitors accounted for 7.7% (n = 95) and 4.7% (n = 58) of the analytical cohort, respectively. Baseline OAD combinations differed significantly between the insulin and non-insulin group, with 65.4% in the insulin group receiving MET + SUs versus 51.1% in the non-insulin intensification group.
The age at treatment intensification was similar in the insulin and the non-insulin groups, with the mean ± SD age being 54 ± 11 years and 55 ± 10 years, respectively (P = 0.19). All patients had HbA1c results provided to the health plan by their provider. The number of
HbA1c results reported by providers was essentially equivalent to the 
| HbA1c trajectory: descriptive analysis
The number of HbA1c values included in this analysis was 5969, of which 3193 were on or before treatment intensification and 2776
were after the treatment intensification. The mean HbA1c in the overall cohort was 7.01 ± 18. 
| HbA1c trajectory: mixed-effect regression model
The results of the regression analyses estimated that HbA1c at intensification was 14. These data indicate that a greater HbA1c reduction was observed in patients with higher HbA1c at intensification, overall. Insulin was associated with a higher HbA1c at intensification and a greater reduction over the follow-up period than intensification with a non-insulin agent. For all patients with HbA1c ≥75 mmol/mol (9.0%) at intensification and non-insulin patients with HbA1c <75 mmol/mol (9.0%) at intensification, HbA1c reduction levelled off between months 6 and 8, then began to rise. Insulin patients with HbA1c <75 mmol/mol (9.0%) at intensification experienced a modest drop in HbA1c until month 9, then HbA1c stabilized. No significant difference in HbA1c change was identified between patients whose therapy was intensified with GLP-1RAs versus OADs (Table S1 and Figure 2 ).
| DISCUSSION
The primary goal of diabetes management is to maintain a level of blood glucose that balances the risk of complications with the risks associated with treatment, including hypoglycaemia. 7 With disease progression, glycaemic control is maintained by a stepwise addition of antidiabetic agents, after patients fail to achieve HbA1c with initial treatment, often MET monotherapy. 7 Previous research by Fu and Sheehan 8 has shown that 50% of patients who did not sufficiently respond to MET treatment as monotherapy or in combination with other oral agents required and received treatment intensification within 1 year. The authors also identified that the likelihood of better HbA1c maintenance increased when treatment inertia was shorter than 6 months.
8,9
The present study expands on the research by Fu and Sheehan 8, 9 by not limiting prior therapy to MET users, and by specifically focusing on patients who had failed to maintain glycaemic control while on two OADs. We found that switching or adding a third agent significantly reduced HbA1c. The decrease in the HbA1c was greatest over the first 4 months, and HbA1c for the overall cohort remained below HbA1c at intensification for the follow-up period. HbA1c started to increase before the end of the first year after the intensification. This could be for multiple reasons, including disease progression or reduced adherence, and warrants further investigation.
Overall, glycaemic response was greatest in those with poor glycaemic control, which was similarly observed in previous observational studies. In a study by Pantalone et al including patients whose
HbA1c remained >53 mmol/mol (7.0%) on MET monotherapy, the level of improvement in glycaemic control was linearly associated with an increase in the baseline HbA1c level. 11 In another recent analysis of insurance claims for patients with T2DM, where treatment failure was defined by ≥64 mmol/mol (8.0%) after a treatment with metformin monotherapy or in combination with other OADs, the change in HbA1c was greater with a higher pre-intensification HbA1c. From the same study, treatment intensification in patients having pre-index HbA1c ≥75 mmol/mol (9.0%) resulted in the HbA1c change of −23.7 mmol/mol (−2.15%), which is close to our estimate of HbA1c decrease in the poor glycaemic control group. 9 The HbA1c reduction was also 2. HbA1c exceeds 75 or 86 mmol/mol (9.0% or 10%). 7, 15, 18 It also reflects the demonstrated glycaemic response to insulin. 7 The present study is important in providing data on the effectiveness of diabetes therapy intensification after failing to maintain glycaemic control on two OADs. The American Association of Clinical
Endocrinologists and American College of Endocrinology consensus statement has highlighted that patients taking two or more medications will probably see less improvement with intensification or a switch to a new agent than can be expected when the same agent is used as first-or second-line therapy. 15 Observational studies have also seen a negative association between the number of prior classes used and the level of HbA1c reduction. 12 This observation may reflect the decline in insulin sensitivity and β-cell function with T2DM progression. 19 Despite the possibility of attenuated efficacy, the average patient in the present study prescribed a third line of therapy after two OADs experienced a clinically important improvement in glycaemic control.
The analytical approach used in the present study also contributes to the literature in terms of its design. In the real-world setting, Clinical practice should be informed by the present findings.
While insulin therapy was associated with the greatest reduction in
HbA1c for all patients with HbA1c ≥75 mmol/mol (9.0%), those with HbA1c ≥75 mmol/mol (9%) and receiving intensification with a GLP-1RA or third OAD also experienced significant reductions in
HbA1c over the first 6 months. Despite these gains, patients on average did not attain HbA1c <64 mmol/mol (8.0%). This is a conservative goal for the study population, given their younger age and that >50% of the population did not have evidence of diabetes-related complications according to the DCSI. There is therefore room for improvement. Obviously, failure to attain goal should also serve as a trigger for diabetes education and medication management efforts to optimize drug therapy and address issues with patient self-management, including adherence to medications and lifestyle recommendations.
This study was subject to the inherent limitations faced by studies using administrative claims databases. Clinical data beyond HbA1c, lifestyle behaviours, and more detailed demographic information that could influence treatment selection and outcome were not available. Note: Data for baseline characteristics were collected during the 1 year before treatment intensification if not otherwise specified. Complication (+1), the number of patients having a record of the condition over the 1 year prior to the date of intensification that adds one point to the DSCI calculation; Complication (+2), the number of patients having a record of a severe complication that adds two points to the DSCI calculation.
addressed this limitation, it did not control for the effect of disease severity on follow-up HbA1c trajectories. In addition, this study captured treatment intensification based on a prescription claim for a different class of diabetes drug, but did not distinguish whether this treatment represented an add-on or switch, nor did it assess for dose escalations after intensification. Finally, the study did not control for diabetes medication compliance in the regression analyses. Baseline adherence did not differ, however, between intensification groups.
The role of post-intensification compliance on HbA1c trajectories should be addressed in future studies.
In conclusion, treatment intensification after failing to achieve glycaemic control on two OADs was associated with a significant reduction in HbA1c within 6 months that was maintained or just slightly rose after 6 to 9 months. The largest reduction in HbA1c was seen in those with HbA1c ≥75 mmol/mol (9.0%) and treated with insulin, but a significant improvement in glycaemic control was also seen with non-insulin agents. Even with improvement in glycaemic control, many patients failed to achieve an HbA1c target <64 mmol/mol (8.0%). Thus, opportunity exists for additional and/or more aggressive treatment intensification and patient engagement and management to achieve optimal glycaemic control and help reduce the risk of diabetes complications. 
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of this article.
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